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(54) Catalyst devices 

(57) A device for use in the catalysis 
of a chemical reaction has a con- 
tainer (1) with a fluid inlet (5) and a 
fluid outlet (6) and a plurality of 
catalyst bodies (8) randomly assem- 
bled therein, the catalyst bodies (8) 
which may not be all of the same 
size, each having a plurality of in- 
ternal channels of an ordered, pre- 
determined size and arrangement 
for permitting substantially unre- 
stricted flow of reactants there- 
through, and each carrying a cata- 
lytically active surface coating. 
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SPECIFICATION 
Catalyst devices 

5 The invention relates to a device for use in the 
catalysis of chemical reactions; a container 
having a fluid inlet thereto and a fluid outlet 
therefrom has a plurality of discrete catalyst 
bodies randomly assembled therein. 
10 Devices for the catalysis of chemical reac- 
tions where a plurality of catalyst bodies is 
housed in a container are known. Thus, a 
device in which a plurality of small (e.g. ~2 
cm diameter or smaller) ceramic pellets incor- 
1 5 porating a catalytically active materia! is 

housed in a container (or reactor) is described, 
for example, by J. J. Carberry in Chemical 
and Catalytic Reaction Engineering (1976), 
published by McGraw-Hill. Such pellets may, 
20 for example, be circular in cross-section and 
have a central hole; other geometrical forms 
are, however, known in the art. The surface 
area of the pellets is enhanced for catalytic 
purposes by providing them with a three- 
25 dimensional network of internal spaces, e.g. 
in the form of channels and/or pores. This 
network is, however, random in direction and 
connectivity; also some of the spaces may 
provide a through passage for fluid and others 
30 may not. Flow of fluid through the overall 

device is therefore subject to resistance giving 
rise to an energy-comsuming pressure drop. 
Also, such devices are prone to suffer from 
attrition problems and dimensional changes of 
35 the pellets which may lead to "plugging" of 
the container (reactor). Also, a device is de- 
scribed in UK Patent Application Publication 
No. 2,000,045A in which a plurality of dis- 
crete components carrying catalytically active 
40 material is housed in a container, each of the 
components being in wire-form and having an 
open-work three dimensional configuration, 
the wire-form at the periphery of the configu- 
ration defining open spaces small enough in 
45 relation to the shape and diameter of the wire- 
form at the periphery of other components to 
at least limit the penetration by intertangling 
therewith of one component into the internal 
open spaces of another component. Such de- 
50 vices, however, suffer from attrition problems 
because a large proportion of the catalytically 
active material is carried by surfaces of com- 
ponents which are liable to come into contact 
with surfaces of other components thereby 
55 leading to the possibility of attrition of the 
catalytically active material. 

Also, devices for the catalysis of chemical 
reactions comprising a single body having a 
plurality of passageways therethrough and 
60 carrying catalytically active material are 
known. For example, a device comprising a 
monolith of a ceramic material carrying cata- 
lytically active material and having a honey- 
comb structure through which reactants flow 
65 axially is known. Similar single bodies from 



metal are also known, for example in the form 
of metal sheets having corrugations and 
wound in "Swiss-roll" fashion to define chan- 
nels through the body. In the latter respect, 

70 reference is made to UK Patent Specifications 
Nos 1,491,206, 1,491,198, 1,491,445, 
1,491,199, 1,531 134 and 1,546,097. 
Such single body devices cannot, however, 
make use of existing containers, loading and 

75 handling equipment for the abovementioned 
ceramic pellets. 

The present invention as claimed is in- 
tended to solve one or more of the problems 
referred to above associated with the above 

80 known devices. Thus, it enables replacement 
of the ceramic pellets or the components of 
the known devices above by catalyst bodies of 
similar configuration to the known single bod- 
ies above. 

85 The invention provides in a first aspect a 
device for use in the catalysis of a chemical 
reaction which comprises a container having a 
fluid inlet thereto and a fluid outlet therefrom; 
a plurality of discrete catalyst bodies randomly 
90 assembled within the container, each body 
having a plurality of internal channels of an 
ordered, pre-determined size and arrangement 
thereby to permit substantially unrestricted 
flow of fluid through the body, and each body 
95 carrying a surface coating comprising catalyti- 
cally active material for the reaction. 

The channels in the bodies of the invention 
may be substantially parallel with respect to 
one another and, in the case of a cylindrical 

100 body, may be parallel with respect to the 
principal axis of the cylinder. Alternatively, 
individual channels may be parallel in one 
part of the body and perpendicular in another 
part of the body with respect to the principal 

105 axis. Other arrangements of channels are pos- 
sible, dependent upon manufacturing feasibil- 
ity and the requirements of the device. 

In operation of the device, a fluid reactant 
or reactants are passed via the fluid inlet into 

I 10 the container. The reactant or reactants pass 

through the channels in the bodies thereby 
contacting the catalytically active material 
which catalyses the chemical reaction. The 
fluid product or products of the reaction leave 

I I 5 the container via the fluid outlet. 

The device of this invention has the practi- 
cal advantage that it may be put into effect by 
employing existing equipment for containing 
small ceramic pellets such as referred to 

120 above. Thus, the catalyst bodies employed in 
the invention may be fabricated with a diame- 
ter (e.g. 1 cm) corresponding to the diameter 
of known ceramic pellets in order to make use 
of containers, loading and handling equip- 

125 ment for the latter without modification. Such 
simple substitution cannot be effected with a 
known large single body device such as re- 
ferred to above. Also, known catalyst devices 
using pellets are prone to suffer from attrition 

1 30 problems and dimensional changes of the 
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pellets which may lead to "plugging" of the 
container (reactor). Attrition problems are re- 
duced in the case of devices of the invention 
since catalytically active material carried by 
5 the walls defining the channels of a particular 
catalyst body is protected from contact with 
any other catalyst body in the device, i.e., a 
significant part of the surface area of the 
catalyst body lies within a mechanically hard 

10 and resistant protective external boundary and 
is thus protected from attrition. 

The resistance to flow of fluid through a 
device of the invention is less than that for a 
device incorporating small ceramic pellets and 

1 5 of similar dimensions. Thus, for the same 
energy comsumption in causing fluid to pass 
through a device, the flow-rate of fluid 
through a device of this invention will be 
greater than that for a corresponding device 

20 containing ceramic pellets. 

By "fluid" in this specification is meant 
fluid containing either the reactant or reac- 
tants for the reaction to be catalysed or the 
product or products of such reaction depend- 

25 ing upon the context. The fluid may be a gas 
or a vapour or a liquid. 

As a consequence of the random arrange- 
ment of the catalyst bodies in the container 
the mixing of reactants in a device of this 

30 invention is considerably enhanced in compar- 
ison with one or more large single body 
catalyst devices. Thus, heat and mass transfer 
are considerably enhanced which can give rise 
to increased yield of desired products(s). The 

35 random arrangement also offers the advan- 
tage of ease of manufacture of the device. 

The catalyst bodies in a device of the inven- 
tion may have substantially similar dimen- 
sions. In some applications, however, it is 

40 preferred that a device of the invention con- 
tains catalyst bodies which are not all of the 
same external dimensions. In this way, den- 
sity of packing of the bodies in a device can 
be controlled and physical obscuration of one 

45 body by another in a device of the invention 
can be minimised. Preferably, the catalyst 
bodies of the invention consist of two groups 
of catalyst bodies, namely a first group 
wherein each of the bodies has substantially 

50 the same external dimensions as other bodies 
in that group, and a second group wherein 
each of the bodies has substantially the same 
external dimensions as other bodies in that 
group, the external dimensions of the bodies 

55 of the first group being different from those of 
the bodies of the second group. Such external 
dimensions clearly depend upon the shape of 
the body and by "different" above is meant 
that one or more of the external dimensions 

60 are different. For example, where the bodies 
are in the form of a cylindrical honeycomb, 
the device may contain a plurality of first 
bodies having a particular length and diameter 
together with a plurality of second bodies 

55 having a different length and /or diameter 



from those of the first bodies. In such a 
preferment, the relative numbers of bodies 
from the two groups, the external dimensions 
of bodies within each group and the shapes of 

70 bodies within each group should be chosen to 
produce a random arrangement of bodies in 
the container with a desired packing. The 
density of the channels and/or the arrange- 
ment of the channels in individual bodies 

75 need not necessarily be the same in all bodies 
in a particular device. 

Catalyst bodies for use in this invention 
having a plurality of channels in substantially 
parallel arrangement with respect to one 

80 another may, for example, have from 400 to 
4 channels per square centimetre of the por- 
tion of the body at right angles to the direc- 
tion of the channels. Preferably, there are 
from 200 to 25 such channels per square 

85 centimetre in order to maximise surface area 
and minimise the risk of blockage of the 
channels when the device is in use. 

Devices of this invention may be suitable 
for use in the catalysis of a range of chemical 

90 reactions. They are, however, particularly ap- 
propriate in the catalysis of exothermic and 
endothermic reactions and those where high 
space velocities are required, such as stream 
reforming, methanation, selective oxidation, 

95 the oxidation of ammonia in the manufacture 
of nitric acid, the oxidation of S0 2 in the 
manufacture of sulphuric acid and oxychlori- 
nation. The devices can also be used in the 
removal of pollutants from vehicle exhaust 
100 emissions such as soot, unburnt hydrocar- 
bons, carbon monoxide and oxides of nitro- 
gen, and in the removal of the particulate 
matter from Diesel engine emissions. The low 
pressure drop characteristics of the device 
1 05 when in use and the resistance of the catalyst 
bodies to attrition makes devices of the inven- 
tion particularly suitable for this application. 
Also, the devices of the invention possess 
great flexibility in that containers of varying 
110 shape may be provided with catalyst bodies in 
order to constitute devices of the invention. 
The known pelleted catalysts, when used to 
remove pollutants from engine exhaust emis- 
sions, may suffer from attrition problems if 
115 packed loosely or may give rise to too great a 
back pressure if packed tightly. The devices of 
this invention do not suffer from these disad- 
vantages. 

The catalyst bodies may be made of a 
1 20 ceramic material or of a metal. Examples of 
suitable ceramic materials are mullite, cordier- 
ite, silicon carbide, silicon nitride and zirconia. 
Examples of suitable metals are aluminium 
bearing iron base alloys, aluminium, stainless 
125 steels and high Ni content steels. An example 
of an aluminium bearing iron base alloy has a 
composition by weight of 10 to 30% Cr, 1 to 
10% Al, 0 to 0.5% C, and the balance Fe. 
Such alloys are available in the UK under the 
130 UK Registered Trade Mark "FECRALLOY". 
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Where resistance to high temperature em- 
brittlement is important such alloys are made 
within the specification of a composition by 
weight of up to 20% Cr, 1 to 10% Al, 0.1 to 
5 3.0% Y and the balance Fe. Where a degree 
of high temperature embrittlement can be 
tolerated, as for example where a helical co- 
iled wire configuration is employed, higher 
chromium content up to 25% by weight may 
10 be employed. The particularly preferred com- 
position is a FECRALLOY (Registered Trade 
Mark) alloy having 15.50 to 16.50% Cr, 4.6 
to 5.6% Al, 0.3 to 1.0% Y and the balance 
Fe. 

15 The above mentioned alloys may include 
additions of Co and/or Ni and it is envisaged 
that such inclusions should be limited to the 
range 0 to 3% by weight of each element. 
However, acceptable performance may be 

20 achieved with these additions in the range 0 
to 5% Co, and 0 to 5% Ni. 

An alternative alloy is that sold under the 
UK Registered Trade Mark KANTHAL DSD. A 
typical example of such an alloy has an ap- 

25 proximate composition by weight of 22.5% 
Cr, 4.5% Al, 2.0% Co, 0.1% C and the 
balance Fe. 

A catalyst body of ceramic material for use 
in the invention may be fabricated by meth- 

30 ods known in the art and may, for example, 
be fabricated with a honeycomb structure for 
use in the invention. A catalyst body of metal 
for use in the invention may be fabricated, at 
least in part, of corrugated metal defining the 

35 channels through the body. For example, a 
metal catalyst body for use in the invention 
may comprise spirally wound alternate plain 
and corrugated sheets wound in 'Swiss-roll' 
type fashion. Such a body may be held to- 

40 gether by any suitable externally applied fas- 
tening means such as wire, a split ring or a 
washer, or by welding. Spot or line welding 
are preferred since they effect a permanent 
fastening. 

45 The surface coating on the catalyst bodies 
may comprise one or more transition metal 
elements or a compound thereof as the cata- 
lytically active material, for example the met- 
als Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, 

50 Au and the oxides and mixed oxides of V, Cr, 
Mo, W and Mn. The choice of catalytically 
active material is in practice determined to a 
large extent by the reaction to be treated by 
catalysis. Preferably, the catalytically active 

55 material is supported by a ceramic coating, for 
example, a refractory oxide coating such as 
Al 2 0 3 , Ce0 2 , Y 2 0 3 , Ti0 2 , Zr0 2 , Th0 2 and Si0 2 . 
Such coatings may be applied by methods 
known in the art for example, as described in 

60 UK Patent Specification No. 1,568,861. 

In a second aspect, the invention provides a 
method of making a device for use in the 
catalysis of a chemical reaction which com- 
prises 

65 (i) fabricating a plurality of bodies each 



having a plurality of internal channels of or- 
dered pre-determined size and arrangement 
thereby to permit substantially unrestricted 
flow of fluid through the body; 

70 (ii) coating the bodies with a catalytically 
active materia! to give catalyst bodies; and 
(iii) assembling the catalyst bodies ran- 
domly in a container having a fluid inlet and 
thereby a fluid outlet therefrom. 

75 The catalytically active material may be ap- 
plied by methods known in the art, for exam- 
ple by solution impregnation followed by de- 
composition, sputtering, plasma coating flame 
spraying, vapour deposition or sintering. 

80 Optionally, a ceramic coating may be pro- 
vided either before or during step (ii), e.g. by 
contacting the bodies with a dispersion in a 
liquid medium convertible on subsequent dry- 
ing and firing into a ceramic, followed by 

85 drying and firing. 

In a further aspect the invention provides a 
method of catalysis of a chemical reaction 
which comprises passing a reactant or reac- 
tants for the reaction through a device accord- 

90 ing to the invention under conditions for the 
catalytically active material to effect catalysis 
of the reaction. 

The invention will now be particularly de- 
scribed, by way of example only, as follows 

95 where reference will be made to Figs. 1 to 5 
of the accompanying drawings wherein 

Figure 7 is a side view in median section of 
a catalyst device for the catalysis of chemical 
reactions involving fluids; 
1 00 Figure 2 is a side elevation of a catalyst 
body suitable for use in a device as shown in 
Fig. 1: 

Figure 3 is an end elevation corresponding 
to Fig. 2. 

105 Figure 4 is a log-log graph of pressure drop 
per unit length against gas velocity per unit 
cross-sectional area for a device such as de- 
picted in Fig. 1 ; 

Figure 5 is a similar graph to Fig. 4 but for 
110 a device containing Pall rings; and 

Figure 6 is a similar graph to Fig. 5 but for 
a device containing solid ceramic pellets. 

The "FECRALLOY" alloy used had a com- 
position by weight of 4.6 to 5.6% Al, 15.5 to 
1 1 5 16.5% Cr, 0.3 to 1 .0% Y and the balance 
Fe. 

Referring to Fig. 1, a container 1, com- 
prises a central cylindrical portion 2 and a 
lower end portion 3 and an upper end portion 

120 4. The lower end portion 3 carries an inlet 
pipe 5 for conveying fluids to the container 1 
and the upper end portion 4 carries an outlet 
pipe 6 for conveying fluids from the container 
1 . The container 1 carries a bed 7 comprising 

1 25 a plurality of catalyst bodies 8 randomly as- 
sembled within the container 1 . 

Referring to Figs. 2 and 3, an example of a 
catalyst body 8 is shown in more detail. Each 
body comprises alternate plain sheets 9 and 

130 corrugated sheets 10 spirally wound in a coil 
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in Swiss-roll' type fashion. Each of the sheets 
9 and 1 0 is fabricated of metal. A metal 
restraining ring 1 1 is positioned around the 
coil to prevent it from unwinding. The sheets 
5 9 and 10 define a plurality of passageways 
12 extending through the catalyst body 8. 
The sheets 9 and 1 0 each carry a layer of a 
carrier material (not shown), which in turn 
carries a layer of a catalytically active material 

1 0 ( n ot shown). 

In operation of the device shown in Fig. 1 # 
fluid reactants are passed via the inlet pipe 5 
into the container 1 in the direction shown by 
the arrow a. The reactants pass through the 

1 5 bed 7 and hence through the passageways 1 2 
in the catalyst bodies 8 thereby contacting the 
catalytically active material (not shown) which 
catalyses a chemical reaction in the reactants. 
A product of the chemical reaction issues from 

20 the container 1 via the outlet pipe 6 in the 
direction shown by the arrow a. 

Example 

Two hundred catalyst bodies such as de- 
25 picted in Figs. 2 and 3 were prepared as 
follows: — 

Plain strips of "FECRALLOY" alloy and cor- 
rugated strips of "FECRALLOY" alloy (grooves 
1mm deep) each of width 1 7 mm were 
30 spirally wound to produce a plurality of coils 
of diameter 1 7 mm and height 1 7 mm and of 
generally right cylindrical shape. Each coil was 
prevented from unwinding by a metal restrain- 
ing ring. 

35 The coils were degreased and pre-oxidised 
by heating in air at 1000X. Two hundred 
such coils were then placed in a tray and 
coated with alumina by contacting with a 
wash-coat comprising an alumina sol (60 g/i 

40 of AI 2 0 3 ) into which commercially available, 
non dispersible alumina particles (200 g/l), 
had been stirred followed by drying at 1 00°C 
and firing at 600X. 

The alumina had been prepared as de- 

45 scribed in UK Patent Specification No. 

1,568,861. Thus, alumina which had been 
prepared by a vapour phase condensation 
method such as flame hydrolysis was formed 
into the sol by admixture with water. This 

50 alumina coating process may be repeated if a 
thicker coating is desired. Coatings of thick- 
ness up to about 100 microns may be 
achieved. 

The alumina coated coils comprising 8 
55 weight per cent of alumina were then pro- 
vided with a NiO coating as a catalytically 
active material by contacting with a solution 
of Ni (N0 3 ) 2 , followed by drying and firing to 
convert the salt into the oxide. This gave 1 6 
50 weight per cent of NiO. This can be reduced 
to the catalytically active material Ni, e.g. in 
situ. An alternative way of providing the cata- 
lytically active material is to coat with a sol 
containing Ni compounds followed by drying 
65 a nd firing and ultimately reduction. 



The resultant catalyst bodies were randomly 
packed in a container comprising a glass 
column of 1 5 cm diameter and 65 cm diame- 
ter provided with inlet and outlet pipes to give 
70 a device such as shown in Fig. 1 above. 

Properties 
(i) Pressure Drop Characteristics 
The pressure drop characteristics of the 

75 above device were determined by measuring 
the pressure drop per unit length of the device 
at different gas velocities through the device 
per unit cross-sectional area of the device. The 
results are shown in Fig. 4. 

80 By way of comparison, similar determina- 
tions were carried out on a device of identical 
dimensions but containing, instead of catalyst 
bodies, an identical number of Pall rings of 
similar external dimensions to the above cata- 

85 |y S t bodies (Pall rings are available commer- 
cially for use as adsorption column packings). 
The results are shown in Fig. 5. 

Also by way of comparison, similar determi- 
nations were carried out on a device of identi- 

90 cal dimensions but containing, instead of cata- 
lyst bodies, an identical number of solid ce- 
ramic pellets of similar external dimensions to 
the above catalyst bodies and having a central 
hole of about 6 mm diameter. The results are 

95 shown in Fig. 6. 

Referring to Figs. 4 to 6, it will be seen that 
the pressure drop characteristics of the device 
of the invention (Fig. 4) are of the same order 
as those of comparative devices (Figs. 5 and 
1 00 6). The catalyst bodies used to obtain the 
results shown in Fig. 4 have a much greater 
superficial surface area than the Pall rings and 
solid pellets used to obtain the results shown 
in Figs. 5 and 6 respectively. For example, 
105 the catalyst bodies used had a superficial 

surface area of 1 73.4 cm 2 per body whilst the 
Pall rings used had a superficial surface area 
of 5.4 cm 2 per ring. Thus, on the evidence of 
the above results, the device of the invention 
110 therefore provides a high superficial surface 
area (which is very valuable for catalytic pur- 
poses) in combination with useful pressure 
drop characteristics. 

1 1 5 (jj) Catalysis 

Devices similar to that described above with 
reference to Figs. 1 to 3 were found to be 
highly satisfactory in the catalysis of steam 
reforming methanation reactions. 

1 20 

CLAIMS 

1 . A device for use in the catalysis of a 
chemical reaction which comprises a container 
having a fluid inlet thereto and a fluid outlet 

125 therefrom; a plurality of discrete catalyst bod- 
ies randomly assembled within the container, 
each body having a plurality of internal chan- 
nels of an ordered, pre-determined size and 
arrangement thereby to permit substantially 

1 30 unrestricted flow of fluid through the body, 
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and each body carrying a surface coating 
comprising catalytically active material for the 
reaction. a 

2. A device as claimed in claim 1 wherein 
5 the catalyst bodies are not all of the same 

external dimensions. 

3. A device as claimed in claim 2 wherein 
the catalyst bodies consist of two groups: a 
first group wherein each of the bodies has 

10 substantially the same external dimensions as 
other bodies in that group, and a second 
group wherein each of the bodies has sub- 
stantially the same external dimensions as 
other bodies in that group, the external di- 

1 5 mensions of the bodies of the first group 

being different from those of the bodies of the 
second group. 

4. A device as claimed in any of the 
preceding claims wherein the channels in 

20 each body are substantially parallel with re- 
spect to one another. 

5. A device as claimed in any of the 
preceding claims wherein each body is right 
cylindrical in shape. 

25 6. A device as claimed in claim 5 wherein 
each body has from 400 to 4 channels per sq 
cm of the portion of the body at right angles 
to the direction of the channels. 

7. A device as claimed in claim 6 wherein 
30 each body has from 200 to 25 channels per 

sq cm. 

8. A device as claimed in any of the 
preceding claims wherein the catalyst bodies 
are made of a metal. 

35 9. A device as claimed in claim 8 wherein 
each catalyst body is in the form of one or 
more wound sheets shaped where appropriate 
to define the channels. 

1 0. A device as claimed in claim 8 or 
40 claim 9 wherein the metal is an aluminium 

bearing iron base alloy. 

11. A device for use in the catalysis of a 
chemical reaction substantially as described 
herein with reference to and as illustrated in 

45 Figs. 1 to 3 of the accompanying drawings. 

12. A method of catalysis of a chemical 
reaction characterised by passing a reactant or 
reactants for the reaction through a device as 
claimed in any of claims 1 to 1 1 under 

50 conditions for the catalytically active material 
to effect catalysis of the reaction. 

1 3. A method as claimed in claim 1 2 
wherein the chemical reaction is steam re- 
forming or a methanation reaction. 
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